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TRi-coLOP , white Lira rr led lamps 



FBEI .D OF INVENTION 

The present invention relates to a tri-color lamp. The lamp comprises a mixture 
of two phosphors and a light emitting diode for an excitation energy source. In 
5 particular, the lamp employs ablue LED and a mixture of red and green phosphors for 
the production of white light 

W ACTKGROUrJT> OF THE INVENTION 

There is an ongoing need to generate new phosphor compositions to improve 
efficiency and color quality in luminescent devices, particularly in the production of 
10 white light Phosphors are luminescent materials that can absorb an excitation energy 
(usually radiation energy) and store this energy for a period of time. The stored energy is 
then emitted as radiation of a different energy than the initial excitation energy. For 
example, "down-conversion" refers to a situation where the emitted radiation has less 
quantum energy than the initial excitation radiation. Thus, the energy wavelength 
15 effectively inches, and this increase is termed a "Stokes shift" inversion" refers 
to a situation where the emitted radiation has greater quantum energy than the excitation 
radiation ("Anti-Stokes shift"). 

Improvements in efficiency and color quality in phosphor-based devices are 
constantiybeingdeveloped. "Efficiency" relates to a fraction of photons emitted with 
20 respect to a number of photons initially provided as excitation energy. Inefficient 
conversion results when at least a portion of the energy is consumed by non-radiative 
processes. Color "quality" can be measured by a number of different rating systems. 
"Chroniaticity-dennescolorbyhueandsaturati "CIE" is a chromaticity coordinate 
system developed by Commission Internationale de 1'Eclairage (international 
25 commis^iononillumination). The CIE Chromaticity Coordinates are coordinates that 
defineacolorin"1931 CIE" color space. These coordinates axe defined as x, y, z and are 
ratios of the three standard primary colors, X, Y, Z (tristimulus values), in relation to the 
sum of the three tristimulus values. ACIE chart contains a plot of the x, y and z ratios of 
me tristimulus values versus their sum. In the situation where me reduced coordinates x, 
30 y ,zaddtol,typically,atwo-dimeiisionalCIE(x,y)plotisused. 
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, Aac ^u P A hv a "correlated color temperature" (CCT). 
White-like colors can be described by a correct r 

a ted color. As the metal is heated to increasingly higher temperatures, the emitted 

5 ^timT.y.oah.uish-wh.teUgh, A system was developed to determine these color 
e^esonastsndard object known as ablaekbody radiator. °^°**>' 
^^^hUc^yradi^wmemitwm^rad^o. 

W m^ra*a ti o n can* m bedesc» 

Color temperature and CCT are expressed in degrees Kelvin. 

A^lorrendermgmdex'Wses.*^^^ 
^atcdcolortemper^ofangh™^ 

15 hlackbodyhaviug the same coior temperature. If a aandari color sample does not 

. . . ■ tmn ~x "R»" which is an average of the CRis ot ail eigm 
general color rendering index is termed Ka , wmcn ib 

different light colors, where each emiss.on compnsed a relatively Dam, 

emLve mopernes (emission energy and in^ty) of the individual red, gre» and blue 
^uTc^beUviduanyUilored 
25 achieving improved color rendering properties. 

^exan^ofatwo^lorlampcomp^^ 
e^sourc^Ugmemit^bythephosphorc^ 

^rLodnc.awhite-Ukecolor. Further imprevemen* in fluoresce 

emhLgphosphor, Omer previous tricolor lamps compnsed a combm*ion 
plasma excitation source. 
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n8fh *" w , UV - « 

(3) correspondingly low lifetimes. Thus, there is an ongoing need for devices that 
5 overcome these deficiencies. ... c 

FiM „ y ,hereremainsacontinued challenge to uncover phosphor cmnpostuons 
^mixtures ofthese compositions to provide tapped properti«, including irnproved 
efficiency. co,or rendering (e.g- as measured hy high color rendering imhees) and 
luminanee (intensity), partieularly in a tricolor, whue lamp. 

giunMABV OF Tire INVENTION 

One aspect of the present invention provides a composition comprising a rnrxture 
of.fixstphosphor andasecond phosphor. ^ phosphor con^ a ho* sutfd. 
^cria. Ld a rare ear* dopant and each phosphor is capab.e of beu,g excted by a 

common light emitting diode. . . a 

15 Another aspect of me present iuvention provides a composmoo compnsmg a 

^of.tirstphosphorandasecondphosphor. "l^"""-^" 
^alaudarareearmdopauL The firs, phosphor is capable of bemg excrteo by a U*. 
^ d ^^d«^pne^Ue^ te .n,e bg ^b, m em^o fte 

^ttingdiodcforemittingapatiemofUght The device f^er comp-s a 
comnositioncomprismgamixtumofafixstphosphor^asecondpho^ 

25 ^trZ^-ventionpmvidesadevicecom^a^ 
Mother advantages, novel fearures, and objects of the tnvenuon will be^rne 

inledtobedrawotoscale. In the figures. each identic*, or nea* tdentiod 
p^ofclari^.noteverycomponentislabeledmeveryfigure.nor.every 
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co^of.acHe.^.of.he — shown where iih^ati 
LLytoaUow .hose of ordinary sWHn the art to understand «hetnvenUon. 

™ S raim"" OS TOr nR SWINGS 

FIG . ls ho W sanove r .ayo t nonnali Z edspee tra ofSK 3a! S. : EuandSrS:Euu P on 

5 excitation by a blue LED at 460 ran; 

FIG 2 shows a sirauiation of spectra of a rruxture of SrGa^.Eu «P 
. u w...TFDat460iimatrafferenta>lortempetanires;and 

positioned in apathway of light emitted by an LED. 
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20 



|vft a tt yn DESCRIPTION 

^u-*.-*'*-'-*- ,,h, ** ,, - - ^r 

An advantageous feature of the present invention mvoWes the use of an LED 

—- —- — a ~^™,s^x»»-.-'*-- 



25 

devices. 
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r^TJ^^be.ow^Oranwh^^W-^- 
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5 prc l Phosphor materials ger^ly reouire lesser Sto.es shtfts *~ 

eV - 53% to conftast, green (23 eV) and red (2.0) phosphors «e,«eo by a blue LED 
' ^L!r 7 eV (-460 nnOexhibitsmauer Stokes shifts and quanftnn 

15 with an emission of about Z. f ev t. 

fitted radianon. In or« em^dhnen^e dopant is a rare earth .on. 

orbital energylevels. WhUef-f ^donsare^torn-toechan.ea^o^ 

Z pLfLhos, sulfide n^naisinc.udeCaS.SrS andaftnogaUa.es suoh as 
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Aether advantageous feature of the present invention is to provide a phosphor 

P emissions of the two phosphors ean be 

5 the first and second phosphor. The rea anus- «,„ _» „hosohor 

^ by ae.ecting an appropriate host material. In one embodune^ tite g^ phosph 

10 .amedopantcepab.eofhem^citedhyoneeommonan.Ga^ZXDat^ The 
phosphors areprovdedasamixnne in an encapsuian, The specnn have be» 

15 spectnnn 6 corresponds to an emission from a red pnosp&or max 

maximum intensity at -620 nm. Annm + a The 

A^vtly.te^^P^*^**^*^ The 
^host materia! canbeused, or the firs, and secondphospho. -^"^ 
m*^ Oneofonfin^s.tiUintite^cansc^po^pbosphor^^y 
20 ^phosphorstitatcanbeexcifedhy^betweenahout^Onmandahon, 
480, and observing whether they emit red or green hght 

0 X mo! % to about 8 mo.%. Preferred amoun* of dopant may depend on fx 
LI For exampie.adopant concentration ^^^^ 
25 r^4mo^whe re asadopan,concen tt ation mSr SUpre f erab 1 y fr om about 

IfTcitingasecondphosphor. Thus, another .spec, of the present mventton proves 

^andarareeardtdop.t. ^ ^'^J^"^^! 
emitfngdiode and flte second phosphor.capableofbemgexmfedby 

JZpho, mono embodiment me LEDUabiuel^. Thefir^ph^horc^hea 
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* niv one LED source in the event that only one phosphor is 
This aspect allows the use of only one LfcU soure 

5 pattern, the pattern defining either a votume or an area ofUght. A — ™ 

— • -rzsrr— 

li At sources. Demixing occurs when separate fractions 01 ram 

ugntsources. e ;» there is mininial nnxnig of the 

device due to the LED and the phosphor mature, t.e. there is 

different light components. fc ^ hn _ t the lamp emits 

15 ln one embodiment the device is a lamp. In one embodunent, thelamp 

to lamp containing me phosphor mixture composes a 5 mm f£D tamp desrgn 
20 ^^Ugh.^ofm.presen.h^Up— 

index, Ra of at least about 60 at a color ^^^^ ",1 ^u, 80 and ever. 
25 preferab^an Kaofat^t about TO.morepreferaby^f^-^ 
more preferab,y an Raofat leas, about 90. to a preferred embodm^* -amp 

f . rRI. Ra of ereater than 70 for CCT values of less than 6000 re- 
generates a CRL Ra of greater of a tricolor tamp comprising a 

HQ. 2 shows a simulation of enuss-on spectra °f » «"° 
^ofS^Bu.dSrS^phosphoreexoi^.^^ta^ 

30 Brntasion^orramancetam^ 

superior color rendermg propernes over ™ de ™* ,„ m of 

^where^^WC^^conespon^^nm 
90forwmttLEDshaveiiotbeenpreviouslyobserved. Ittsat 
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n^derrngprepernes, at *e expense a50%incrMse in efficiency am be 

sacrificed forhighe. efficiency. For example, a 50 /. tn racan( * varied by dumging 

„ relative power fractions of each light s °"^" ^i^^^werfractions can be varied by, fcr 

M ^^-^^.^-oncanbe^-^ 
phospbormbduremaU^du^apolymapr^ F-—£££^ 

^rt«. TED are encapsulated in the polymer. 
me compoatnon and me are "^""j" ^ of phosphor particles) u 

OT Wiments, me grain size of SrGa.S.Eu is less than about ,0 pm and grain 
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U^canbe reflect e ite bac kt o .he pho^orp^.o^yb^so^or 

10 mixed with light emitted from the phosphors. 

nOashowsaschematieoffl.edeviceoftepresen.mvenUon.I^pZO 

F1U. j snows a ^ t FT) 22 emits light in a 

comprises LED 22. LED 22 is positioned in a reflector cup 28. * It 

comprise Aph0S phorrnixture24isposit 1 onedinthepattem26. 
pattern indicated by lines 26. Apnospu lftftmwa iisof 

15 refl e« M cup2 8ul db^ tt pho Sp h Mffi ix«ur=24. to Otis exampKreflec^e^S can 

LED. Greene tthanbtae LEDs. m addition, emitted ndiafron from 

.renotoriouslymoremeffioientthanbluei^ , mn _ ara r e which is an 

^^vUmeg^phospho^Th. efficteodes to 

30 .Bmm-esmedisadvanUgeaofgreenLE ^ ^ ' .empen-ure. * one 

.^i^d.,— jl»^»«J*^ High of „,„,, 535 ' 
nm, which is far superior to any other green LED 
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which may spoii efficiency and/or color saturanon. 

The action and advance of these and other embody of thepr«en. 

v ««r.Hfv the full scope of the invention. 

Sl( ^u^d^y^no7ofP. Benailoul.etl.. J-AUoys 
Conn»oi^227(1998).709,andreference5Citedthe rel n. 
10 The^dersofihefwopho.horsareanrrod.wei^-oun^ 
,.«. H«ircd newer fractions of the three colors, into a hqaid polymer 

'Hysol ST'. 

Tem ple 2: / i djusting r" WPT fractl0nS 

correlated different-™^ 

tamto o W normeasuredspe<^of»(ln,Ga)NIBD,meg re m(SrG^S4JBu)»>d. 

ofmetwophosphors.Thetnixtnreismenprepareda^ 
I^^e^.e.mewavelen^ofradiahonia^nm A^spec-nmts 

the desired spectrum. a-tED 
Tab ,e 1 ia Ben^ hyaddingap^ofmemreecomponen^eL^ 

-in fractions. Acomposne spw- uulu , , . ^r^r and HJ1 

^ .e e CIE 13.3-1995) for calculating CCT and CKi 

iteration is performed to modify the power fractions in a systemau 
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iterations can be accomplished by numerical optimization, e.g. Simplex or Variable 
Metric Method can be used for automating the procedure. 

Table 1 shows example power fractions for the phosphor mixture of Example 1 . 



Color Temperature 
(K) 


SrGa 2 S 4 :Eu (green) 


SrS:Eu(red) 


LED (blue) 


2700 


28 


61 


11 


3000 


32 


55 


13 


4000 


34 


45 


21 


5000 


35 


39 


26 


6400 


37 


31 


32 


8000 


34 


29 


37 



The luminous equivalent of the resulting emitted light is about 310 (±4) lm/W. 



Example 3: 5 mm T .HP LAMP 
An example of a lamp of the present invention is described here. An Hysol ST 

10 slurry comprising a phosphor mixture of 7.6 wt% of SrGa 2 S4:Eu and 10.4 wt% SrS:Eu 
was positioned in a reflector cup in a 5 mm lamp design of Hewlett-Packard. The 
average particle size of SrGa 2 S 4 :Eu was about 9 urn and the average particle size of 
SrS:Eu was about 1 1.5 urn. Using a blue (In,Ga)N LED with an excitation radiation of 
460 nm, a CCT of 4000K and a CRI of 91 was achieved. 

1 5 Those skilled in the art would readily appreciate that all parameters listed herein 

are meant to be examples and that actual parameters will depend upon the specific 
application for which the methods and apparatus of the present invention are used. It is, 
therefore, to be understood that the foregoing embodiments are presented by way of 
example only and that, within the scope of the appended claims and equivalents thereto, 

20 the invention may be practiced otherwise than as specifically described. 
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CLAIMS 

What is claimed: 
11 A composition comprising: 

2 a mixture of a first phosphor and a second phosphor, each phosphor 

3 comprising a host sulfide material and a rare earth dopant and each phosphor 

4 capable of being excited by a common light emitting diode. 

12. The composition of claim 1, wherein the dopant is selected from the group 
2 consisting of Eu 2+ and Ce 3+ . 

1 3. The composition of claim 2, wherein the dopant is the same in the first and second 

2 phosphor. 

1 4. The composition of claim 3, wherein the dopant is Eu 2 *. 
1 5. The composition of claim 3, wherein the dopant is Ce 3+ . 

1 6. The composition of claim 1, wherein the sulfide is selected from the group 

2 consisting of CaS, SrS and a thiogallate. 

1 7. The composition of claim 6, wherein the thiogallate is SrGa 2 S 4 . 

1 8. The composition of claim 1, wherein the first phosphor is a green phosphor and 

2 the second phosphor is a red phosphor. 

1 9. The corruption of ch^ 

1 10. The composition of claim 8, wherein the second phosphor is 

2 group consisting of SrS:Eu and CaS:Eu. 

1 11. The composition of claim 3, wherein the dopant is present in a 

2 about 0. 1 mol% to about 8 mol%. 
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1 12. The composition of claim 11, wherein the first phosphor comprises a SrGa 2 S 4 

2 host material and the dopant is present in a concentration from about 2 mol% to about 

3 4 mol%. 

113. The composition of claim 12, wherein the second phosphor comprises a SrS host 

2 material and the dopant is present in a concentration from about 0.3 mol% to about 

3 0.8 mol%. 

1 14. The composition of claim 1, wherein the common light emitting diode is a blue 

2 light emitting diode. 

115. The composition of claim 14, wherein each phosphor is capable of being excited 
2 by radiation at a wavelength from about 450 nm to about 480 nm. 

1 16. The composition of claim 1, wherein the composition is particulate. 

1 17. A lamp comprising the phosphor of claim 1 . 
118. A composition comprising: 

2 a mixture of a first phosphor and a second phosphor, each phosphor 

3 comprising a host material and a rare earth dopant, the first phosphor capable of 

4 being excited by a light emitting diode and the second phosphor capable of being 

5 excited by an emission of the first phosphor. 

1 19. The composition of claim 18, wherein each phosphor is capable of being excited 

2 by a blue light emitting diode. 

1 20. The composition of claim 19, wh^ 

2 the second phosphor is a red phosphor. 

1 21. A device comprising: 

2 a light emitting diode, for emitting a pattern of light; and 
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3 a composition comprising a mixture of a first phosphor and a second 

4 phosphor, each phosphor comprising a host sulfide materia, and a rare earth 

5 dopant, the composition being positioned in the light pattern. 

, 22. The device of claim 21 , wherein the light emitting diode has an emission at a 
2 wavelength fiom about 450 nm to about 480 nm. 

1 23. The device of claim 22. wherein the device is a lamp. 

1 24. The device of claim 23, whereiu the lamp is a white light lamp. 

, 25 The device of claim 24, wherein the lamp is capable of emitting radiation having 

3 to about 8000 K. 

, 26 The device of claim 24, wherein the Ump is capable of emitting relation having^ 

2 ,cotarrenderinginde*,Ifcof.tleastabout80ata^ 

3 to about 8000 K. 

2 a color rendering index, Ra of at least about 90 at a color temperature from about 2700 K 

3 to about 8000 K. 

1 28. A device comprising a green phosphor and a blue light emitting diode, for 

2 providing an excitation radiation to the phosphor. 



29. * The device of claim 28, 



wherein the green phosphor is SrGa 2 S*. 
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